INTRODUCTION tration (1 mg/ml) and at twice the concentration. Sperm parameters were evaluated using a sperm motility analyzer,
Electroejaculation for the collection of sperm is an for animal breeding, conservation, and gamete 10-l aliquots of the sperm in 20-m deep glass slides with coverslips. Video recording of the calibrating banking.
grids and sperm in different treatments were made and the information processed through the HTM-C analyzer. A minimum of 100 sperm cells were analyzed MATERIALS AND METHODS each time. Analyses were carried out after 30 min of incubation at 37ЊC. The sperm kinematic parameters Sperm Processing measured have been previously reported (6, 7) and include amplitude of lateral head displacement (ALH), Semen samples were collected from a single baboon by electroejaculation using a Standard Precision Electotal motility, beat cross-frequency (BCF), linearity, average path velocity (VAP), curvilinear velocity tronics stimulator (Standard Precision Electronics, Inc., Littleton, CO) and a baboon rectal probe (2-cm (VCL), straight line velocity (VSL), and head dimensions. diameter) with three strip electrodes (3 mm ϫ 100 mm) that were 1 cm apart. For electroejaculation, the baboon was placed in lateral recumbency after sedation Spermac Staining for Morphology and Acrosome with 5 mg/kg of ketamine/HCl intramuscularly. The rectal probe was coated with K-Y jelly and inserted A drop of each sperm specimen was removed at the end of incubation and an air-dried smear was made gently in the pelvic rectum with electrodes positioned ventrally. Rhythmic pulse stimulations were applied for the Spermac acrosome procedure as previously reported (6). Briefly, each dried smear was fixed (5 at a constant voltage (5). The stimulation was carried out in pulses of 3-to 5-sec duration with approximately min, 23ЊC) in formalin solution (fixative I) provided in the Spermac kit (Stain Enterprises, Onderstepoort, 1-sec rest between pulses. Three series of eight to ten pulses were applied and the voltage level was increased S. Africa, distributed by Fertility Technologies, Natick, MA). Each slide was washed through stain solutions gradually between the series. The probe was adjusted inside the rectum in order to obtain maximal erection A, B, and C (1 min, 23ЊC). The stained slides were air-dried and analyzed under oil immersion (ϫ 1500) of the penis and the penis was milked during the procedure to get maximal emission of sperm from the urefor the percentage of acrosome intact sperm. Sperm with intact acrosomes have normal oval-shaped heads thra. Ejaculates were collected with about a week of rest between collections. Once the baboon was accuswith the anterior acrosomal region staining dark green and postacrosomal region staining red-pink. Sperm tomed to periodic electroejaculation (2 months), the test ejaculate was collected directly into 50-ml tube lacking acrosome have white or red anterior acrosomal heads. Sperm heads that showed peeled acrosomal (Fisher Scientific, Los Angeles, CA) containing prewarmed 0.5 ml human tubal fluid medium (mHTF) membranes or partial green coloration were considered acrosome defective. The percentage of sperm with (Irvine Scientific, Irvine, CA) supplemented with 15% synthetic serum substitute (SSS) (Irvine Scientific, intact acrosome was calculated by dividing the number of sperm with dark green acrosome over the total numIrvine, CA) and examined microscopically (light microscope 400 ϫ magnification) within 30 min of ber of sperm multiplied by 100. collection. Sperm density was measured using a hemocytometer. Motility was determined by visual observaAcridine Orange Test Procedure tion of semen. Viability of spermatozoa was assessed by utilizing dye exclusion test. The sperm was stained A drop of each sperm suspension was smeared on a clean glass slide and air-dried. After 20 to 30 min, with 3% eosin Y (Sigma, St. Louis, MI) and dead sperm failing to exclude the dye appeared red. A total the smear was immersed in freshly made Carnoy's solution (3:1 methanol:glacial acetic acid) for 24 hr. of over 100 cells were counted for each parameter each time.
The glass slides with smears were briefly washed in water and immersed in 0.02% acridine orange in citrate-phosphate buffer solution, pH 2.5, for 2 min Computer-Aided Sperm Analyses (8). The stained slides were rinsed in water and covered with coverslips. The acridine orange-stained sperm Sperm kinematic parameters were measured using the Hamilton-Thorn motility (HTM-C, Hamilton were examined in an ultraviolet (UV) fluorescent microscope at 500 ϫ magnification. A total of 100 Thorn Research, Danvers, MA) computer-aided sperm analyzer system. The analyses were carried out using cells were analyzed for each type of processed sperm.
Sperm undergoing apoptosis where the DNA became than in the untreated sperm. The percentage of sperm showing rapid progressive motility was lower in the fragmented or denatured to single strands stained orange-red at the head, while healthy sperm with doupresence of 1 mg/ml pentoxifylline when compared with sperm exposed to the higher concentration. Furble-stranded DNA stained green (8). The percentage of sperm with intact DNA was calculated by dividing thermore, the percentage of sperm exhibiting medium and slow forward progressive motility were higher in the number of green sperm over the total sperm and multiplying by 100.
the 2 mg/ml pentoxifylline versus the 1 mg/ml treatment group. There were no differences in sperm velocities between the 1 mg/ml and 2 mg/ml treatment The Effect of In Vitro Incubation with groups. There were no differences in the remaining Pentoxifylline on Sperm Motion kinematic parameters.
Characteristics
The concentration, motility, and viability data are presented in Table II . The volume of semen collected The capacitation medium used in this study was Hepes-buffered mHTF, (pH 7.4, 282 mOsmole/ml) was approximately 200 l (few drops) after each electroejaculation. A second ejaculate was sometimes (Irvine Scientific, Irvine, CA) supplemented with 15% SSS (Irvine Scientific, Irvine, CA). A stock solution obtainable, but generally the quality was lower. The acridine orange DNA normality test (Table II) showed of 4 mg/ml pentoxifylline (Sigma Chemical Co., St. Louis, MO) was prepared in mHTF medium and filter that over 90% of the electroejaculated sperm have intact unfragmented DNA, suggesting that electroejasterilized. Pentoxifylline from the stock solution was added to the experimental tubes containing sperm to culation was a nondestructive technique.
In terms of sperm morphology, the percentage of achieve a final concentration of 0, 1, or 2 mg/ml. The sperm were incubated for 30 min at 37ЊC. The duration baboon sperm with normal morphology was about 49.5% Ϯ 0.5, well above the criteria (11) for normal of incubation was based on previous reports (7, 9, 10). After incubation, the sperm kinematic parameters were human sperm morphology (30% by World Health Organization standard). Sperm in the categories of pinmeasured using the HTM-C automated sperm motility digital image analyzer (see above).
head, tapered head, or duplicate were not observed. Interestingly, a low percentage of sperm with cytoplasmic droplets was observed, and this has never been Data Analyses reported to the best of knowledge. In terms of sperm with intact acrosomes, about half the population of The results are presented as mean Ϯ 1 SD. Differences between means were analyzed by the Student's sperm had intact unreacted acrosomes at the time of electroejaculation collection. t test. Categorical data such as the number of denatured sperm after acridine orange testing were evaluated using the 2 test statistic. A P Ͻ 0.05 value was considered significant.
DISCUSSION
The phosphodiesterase inhibitor, pentoxifylline, enhanced the total motility, rapid progression, and RESULTS velocity of electroejaculated sperm only when the concentration used was twice that of the concentration Sperm cells incubated in the presence of 2 mg/ml pentoxifylline showed significantly higher total motilnormally used (7, 9, 10) for stimulating sperm before assisted reproductive technology procedures. The 1 ity when compared with the untreated (0 mg/ml) and the 1 mg/ml treatment groups (Table I ). There was no mg/ml standard concentration had no effect on the motility of electroejaculated sperm. The reason for difference in total sperm motility between the untreated and 1 mg/ml pentoxifylline treament. This was interthe effect seen with the higher concentration remains unknown. It is possible that sperm derived from the esting, as the 2 mg/ml concentration showed an effect but not the 1 mg/ml concentration, the latter being the electroejaculation technique may have different membrane properties or phosphodiesterase readiness state, standard dose reported for stimulating sperm (9, 10). In terms of head dimensions, there was no significant hence the necessity for a higher concentration of pentoxifylline to observe an effect. The increase in intradifference among the treatment groups.
The number of cells showing rapid progressive cellular cyclic adenosine 3Ј,5Ј-monophosphate (cAMP) due to pentoxifylline also cause a three-to motility was significantly higher in the treated groups fourfold increase in rapid progressive motility. Rapid analysis compared to subjective visual assessments (11). At present, the kinematic values of sperm are progression has been linked to an increased fertilizing capacity of the sperm. Caffeine and cAMP have been of limited value, and the association between each reported to enhance nonhuman primate sperm motility parameter and fertilizing capacity or prediction for (12-14). Caffeine and pentoxifylline are the two most pregnancy are still being studied. widely used phosphodiesterase inhibitors in human Another aspect of the study involved demonstrating fertility treatments (7, 9, 15, 16) .
that the rectal probe electroejaculation procedure itself A unique feature of this study was documenting did not fragment sperm DNA as shown by the acridine for the first time the kinematic parameters of baboon orange assay data. It has been shown that there is a sperm. This was accomplished using the video recorder good correlation between the percentage of sperm cells to record sperm tracks in a phase contrast microscope with unframented or undenatured DNA and increased followed by analysis using the computer-aided sperm reproductive potential, independent of an intact cell analyzer (CASA). The analyzer identified and tracked membrane, normal mitochondria, or motility (8). The individual sperm cells, and thus calculated the paramecondensed DNA in the sperm tightly bound to protters characterizing the "kinematic" of sperm motion. amines were not denatured by the electrical current CASA provided improved precision of sperm motion used in the electroejaculation technique here. Although subtle alterations in DNA cannot be ruled out, the study suggests that electroejaculation does not dena- capacity. In the present study, the electroejaculation
